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Abstract
We determine the magnetic dipole moment of the rho meson using preliminary data from the
BaBar Collaboration for the e+e− → pi+pi−2pi0 process, in the center of mass energy range from
0.9 to 2.2 GeV. We describe the γ∗ → 4pi vertex using a vector meson dominance model, including
the intermediate resonance contributions relevant at these energies. We find that µρ = 2.1± 0.5 in
e/2mρ units.
PACS numbers: 13.40.Gp, 12.40.Vv,11.10.St,13.66.Bc
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I. INTRODUCTION
To date there is no measurement of the magnetic dipole moment (MDM) of any vec-
tor meson [1]. Their extremely short lifetimes (≈ 10−23 s) prevents experimentalists from
applying standard MDM measurement techniques. For example, the spin precession tech-
nique [2] requires the determination of the spin polarisation of the particle before and after
crossing a constant magnetic field region, a difficult task to accomplish for vector mesons.
Alternatives to determine the MDM, by indirect means, invoke the fact that the radiation
emitted from the vector meson carries out information of its electromagnetic structure [3]
and thus, provided the dominant electric radiation is known, the sub-leading MDM effect
can be identified. A determination of the spin 3/2 resonance ∆++, where experimental data
on radiative π+p scattering was available, has already made use of these ideas [4].
For the ρ vector meson, studies of radiative decays of the form ρ → ππγ, τ → νργ and
τ → νππγ [5, 6], which involve the radiative ρργ vertex, have shown that there can be kine-
matical regions of the photon spectrum where electric charge contribution is suppressed,
leaving the MDM effect as the leading one, thus offering a possibility to determine its value.
Unfortunately, there are no experimental data for neither of these processes to confront with
the theoretical description.
A variation of this approach is actually used to set the limits of the electromagnetic prop-
erties of the W gauge boson, by looking at the triple gauge boson vertex (WWγ) in the
e+e− → jjlν process [7] (where j, l and ν denotes a jet a lepton and a neutrino, respectively).
In similar way, we can notice that the e+e− → π+π−2π0 process involves the ρργ vertex in
the channel where the pions are produced in pairs, through ρ meson resonant states, and
therefore a determination of the electromagnetic properties of the ρ meson may be possible.
In this work, we use preliminary data from the BaBar Collaboration [8] for such process to
determine the MDM of the ρ meson. The γ∗ → 4π vertex is modeled in the vector meson
dominance (VMD) approach. We have include the channels involving the exchange of the
π, ω, a1, σ, f(980), ρ and ρ
′ mesons. The MDM is determined by fitting the experimental
cross section data, while using other observables to fix all the remaining parameters.
This work is organised as follows: In section 2, we introduce the ρ electromagnetic ver-
tex and its multipole structure and the form of the propagator to account for the unstable
feature. In section 3, we model the e+e− → π+π−2π0 process exhibiting all the channels
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considered and discuss the corresponding approximations. In section 4, we compute the
total cross section, exhibiting the different contributions and determine the MDM of the ρ
using the BaBar data. In section 5, as a byproduct, we compute the branching ratio for the
ρ→ π+π−2π0 process and compare with the experimental value. In section 6 we discuss the
results and present our conclusions.
II. THE ELECTROMAGNETIC VERTEX
The electromagnetic vertex for a vector particle (V) is defined by the electromagnetic
current < V (q2, η)|J
µ
EM(0)|V (q1, ǫ) >≡ η
†
νǫλΓ
µνλ, where qi are the momenta and ǫ and η are
the corresponding polarisation tensors. The C, P and CP conserving electromagnetic vertex
Γµνλ can be decomposed into the following Lorentz structures
Γµνλ = α(q2)gνλ(q1 + q2)
µ + β(q2)(gµνqλ − gµλqν)
−
γ(q2)
M2V
(q1 + q2)
µqνqλ − qλ1g
µν − qν2g
µλ, (1)
where α(q2), β(q2) and γ(q2) are the electromagnetic form factors [9, 10]. In the static limit,
the electromagnetic multipoles are identified as follows: QV = α(0) is the electric charge
( in e units), µV = β(0) is the magnetic dipole moment (in e/2MV units) and the electric
quadrupole is XEV = 1 − β(0) + 2γ(0) (in e/M
2
V units). Another set of parameters to refer
to the electromagnetic multipoles of spin-1 particles are κ and λ which are related to the
previous ones by β(0) ≡ 1 + κ + λ and γ(0) ≡ λ [9, 10]. For instance, at tree level, the
gauge structure of the standard model predicts α(0) = 1, β(0) = 2 and γ(0) = 0 (κ = 1 and
λ = 0) for the W gauge boson, corresponding to QW = 1, µW = 2 and XEW = −1. These
values are usually taken as a reference for vector mesons. However, since they are not linked
to a gauge symmetry, they are rather expected to reflect the strong interaction dynamics
among quarks. A plethora of effective approaches to QCD have been used to compute the
MDM of the light vector meson states [11]. The most representative is the ρ meson, whose
predictions for the MDM are found to lay in the region from 1.9 to 3 (in e/2Mρ units).
In addition, the proper theoretical description of the vector mesons requires the inclusion
of its unstable feature (parameterized by the decay width, Γ) without breaking the elec-
tromagnetic gauge invariance. The fermion loop scheme [12] and the boson loop scheme
[6] (suitable for the W and vector mesons respectively) succeed in this task by taking into
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account the absorptive contributions to the electromagnetic vertex and the propagator and
the linearity of the Ward-Takahashi identity, which is fullfilled order by order in perturba-
tion theory. In a previous work [13], we have computed the correction to the multipoles of
the W , ρ and K∗ particles, exclusively from this fact, and found them to be relatively small.
Moreover, these schemes are consistent with the complex-mass scheme [14] upon the renor-
malization of the vector field. Thus, it is well grounded to consider the above expression for
the electromagnetic vertex and for the vector meson propagator we use:
Dµν [q, V ] = i
(
−gµν + q
µqν
MV −iMV Γ
q2 −M2V + iMV Γ
)
. (2)
This is the way we will consider the vector particles hereafter. The momentum dependence
of the width will be used only for the ρ meson.
Γρ(q
2) =
(√
q2
)−5
(λ [q2, m2pi, m
2
pi])
3/2
m−5ρ
(
λ
[
m2ρ, m
2
pi, m
2
pi
])3/2 Γρ. (3)
where λ[a, b, c] ≡ a2 + b2 + c2 − 2ab− 2ac− 2bc.
III. MODELING THE e+e− → pi+pi−2pi0 PROCESS
The e+e− → π+π−2π0 process has been measured by several experiments in the low
energy regime in a direct production from e+e− [15, 16], and preliminary data is available
from the BaBar collaboration [8], which uses the initial state radiation technique, in a wider
energy range. A comparison of the total cross section data shows that SND and BaBar
agree with each other for energies below 1.4 GeV [17]. Thus, for this study we made use of
the BaBar data and consider the SND data for comparison purposes in the corresponding
energy range.
The description of the data in the low energy range has been studied using effective models
based on chiral symmetry and VMD [18–21]. The approach we follow is based on VMD
[22] which, by considering the relevant hadronic degrees of freedom in the energy range of
our interest, is well suited to describe the process. Chiral symmetry models with resonances
would be also applied [23]. In our case, the couplings are taken as effective constants
determined from different observables, although in some cases relations can be drawn among
them by invoking symmetry considerations.
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Our notation for the process is: e+(k1)e
−(k2) → π
+(p1)π
0(p2)π
−(p3)π
0(p4), in parenthesis
are the corresponding 4-momenta. The total amplitude can be written as:
M =
−ie
(k1 + k2)2
lµhµ(p1, p2, p3, p4), (4)
where the leptonic current lµ ≡ v¯(k2)γ
µu(k1) is common to all the channels, and hµ repre-
sents the four pion electromagnetic current. This last must fulfill the Bose-Einstein symme-
try, by the interchange of the neutral pions
hµ(p1, p2, p3, p4) = hµ(p1, p4, p3, p2), (5)
and C invariance, by the interchange of the charged pions
hµ(p1, p2, p3, p4) = −hµ(p3, p2, p1, p4). (6)
Thus, the total contribution can be written as the sum of the four possible momenta configu-
rations, represented by a reduced amplitudeMrµ no longer constrained by such symmetries
[19]:
hµ(p1, p2, p3, p4) = Mrµ(p1, p2, p3, p4) +Mrµ(p1, p4, p3, p2)
−Mrµ(p3, p2, p1, p4)−Mrµ(p3, p4, p1, p2). (7)
To model the four pion electromagnetic current, we consider the channels including the
exchange of the π, ω, a1, σ, f(980), ρ and ρ
′(1450) mesons, as shown in Figure 1. The energy
range to be described goes from threshold up to 2.2 GeV. Thus, we have seven generic
channels, each one accounting for several specific diagrams, corresponding to the allowed
permutations of the momenta due to Bose-Einstein symmetry and charge conjugation. We
now proceed to discuss each one in detail.
A. Channel A
The diagram (A) shown in Figure 1, corresponds to the case where we have a π and ρ
intermediate states, and the initial resonant state coupled to the leptonic current are both a
ρ and ρ′ mesons. The interaction Lagrangian involving vectors (V), pseudoscalars (P) and
the photon (A) is:
L = gV PP ǫabcV
a
µ P
b∂µP c +
em2V
gV
VµA
µ (8)
5
FIG. 1: Generic channels relevant for the description of the e+e− → pi+pi−2pi0 process. The total
diagrams are obtained by applying Bose symmetry and Charge conjugation.
where gV PP and gV are effective coupling constants. The reduced amplitude for such con-
tribution considering the ρ intermediate state is then given by:
MAµ = e
(
m2ρg
3
ρpipi
gρ
)
Dµλ [q, ρ]
(q − 2p1)
λD [q − p1, π] (q − r12)
νDνδ [s34, ρ] r
δ
34, (9)
where q ≡ k1 + k2 = p1 + p2 + p3 + p4, sij ≡ pi + pj, rij ≡ pi − pj . Dµν [q, V ] is the
vector meson propagator as given in Eqn. 2 and D[q, P ] = i/(q2 −m2P ) is the pseudoscalar
propagator, the arguments denoting the four momentum and the corresponding particle.
A similar expression is obtained for the case when the photon couples to the ρ′, which is
considered to have a relative phase respect to the ρ of 1800, this has been shown to be the
case in [19, 20] and will be used without further mention in the following diagrams. We have
verified that this value is favored in the analysis of the cross section (see the corresponding
section below). Given the scarce information on the ρ′ decay modes, we asume the following
combination of couplings constants for the ρ′ to be the same as for the ρ .
m2ρ′
gρ′
gρ′pipi =
m2ρ
gρ
gρpipi. (10)
The idea behind this assumptions is to resemble typical VMD relations, expecting the par-
ticularities of the radial excitation properties drops out when considering the ratios. Im-
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plications of the deviation from this assumption are explored in the analysis. Thus, the
parameters involved in this channel are gρpipi = 5.96 ± 0.02 and gρ = 4.96 ± 0.02 which are
determined from the ρ→ ππ and ρ→ e+e− decay respectively.
B. Channel B
This channel corresponds to diagram (B) in Figure 1. The extraction of the MDM of
the ρ meson is based on the existence of the ρ − ρ − γ vertex. An energy range up to 2.2
GeV allows the photon to couple to intermediate states like the ρ and ρ′ mesons, which then
couple to the ρ pair. Thus, the structure of such vertices is similar to the electromagnetic
vertex but with different global constants accounting for the strong process. It is possible
to identify such constants with the gρpipi and gρ′pipi couplings respectively, considering the ρ
as an SU(2) gauge boson and generalizing to the ρ′. These effects are not arbitrary as they
are linked by the electric charge form factor (see subsection H, below).
Let us illustrate the form of the reduced amplitude, considering only the ρ meson triple
vertex:
MBµ = e
(
m2ρg
3
ρpipi
gρ
)
Dµν [q, ρ] Γ
νθτDθδ [s12, ρ]Dτη [s34, ρ] r
δ
21r
η
34, (11)
the only free parameters are those involved in the electromagnetic vertex Γνθτ Eqn. (1).
Namely, the β and γ parameters, since the electric charge is fixed.
We have similar expressions for the case when the ρ′ is involved, which are added under
the same considerations mentioned in the previous section. For the ρ′ triple vector meson
vertex, we take the same structure and coupling as for the ρ case, this assumption has been
found to be appealing [20], and its implications in our analysis will be discussed below.
C. Channel C
The diagram (C) in Figure 1 includes a ρρππ contact term, with the subsequent decay
of the ρ into two pions. The contact coupling is fixed by requiring gauge invariance of the
sum of the (A), (B) and (C) amplitudes:
qµ(hAµ + hBµ + hCµ) = 0. (12)
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The reduced amplitude can be written as:
MCµ =
(
em2ρ
gρ
gρpipi
)
Dµν [q, ρ]gρρpipiT
νδDδγ [q, ρ]r
γ
34 (13)
where the gρρpipi coupling and the T
νδ tensor are fixed by the gauge invariance condition. Note
that the gauge invariance condition is applied for every particular form of the corresponding
contribution from Bose-Einstein symmetry and charge conjugation, each one producing an
equivalent form for the contact contribution.
D. Channel D
This channel corresponds to the contribution of the ω and ρ meson intermediate states as
depicted in the diagram (D) of Figure 1. The ω−ρ(ρ′)−π coupling is given by the following
interaction Lagrangian:
Lω = gωρpiδabǫ
µνλσ∂µων∂λρ
a
σπ
b. (14)
The corresponding reduced amplitude is given by:
MDµ = −e
m2ρgρpipigωρpi
gρ
gωρpiDµν [q, ρ]
ǫξνγαqξp2γDαη [q − p2, ω] ǫ
φησθ(q − p2)φs34σDθλ [s34, ρ] r
λ
34 (15)
where the ρ intermediate state is threefold, as it can be charged and neutral. An analogous
expression is obtained for the ρ′. This and the remaining diagrams are gauge invariant by
themselves. The required couplings are gωρpi and gωρ′pi. The first one has been determined
to be gωρpi = 14.7 ± 0.1 GeV
−1 from an analysis of vector mesons radiative decays, the
ω → 3π decay width and the e+e− → 3π cross section [24]. To find the gωρ′pi coupling
we fit the SND [16] and BaBar [8] data for this channel (E<2 GeV), with this coupling
as the only free parameter. Requiring the sum of the χ2 of the fit to each data set to
lead to a minimum (χ2SND/DoF +χ
2
BABAR/DoF ), we get gωρ′pi = 10.8 ± 0.6 GeV
−1, where
the error bar accounts for the difference to fit both data sets individually. In Figure 2,
we show the best fit under this criterium, with the assumption of a relative phase of 1800
between the ρ and ρ′ contributions. This assumption was explored and its role found to be
relatively significant in the energy region above Mρ′ ; as we will show later, in that region
the contribution from this channel to the total process becomes subdominant and therefore
the effect of the phase itself is mild.
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FIG. 2: Cross section for the e+e− → pi+pi−2pi0 process due exclusively to the ω channel (D). Data
from BaBar [8] and SND [16] are fitted to obtain the gωρ′pi coupling.
E. Channel E
This channel involves the a1 axial vector meson and the ρ (ρ
′) meson intermediate states
as depicted in the diagram (E) of Figure 1. The simplest form of the effective Lagrangian
for the a1(q)− ρ(k)− π(p) strong interaction (where q, k and p are the corresponding four
momenta) is taken to be [25]:
La1 = 2ga1ρpi(ρµa
µ
1 −
∂νρ
µ∂µa
ν
1
k · q
) (16)
The reduced amplitude is then:
MEµ =
(
em2ρ
gρ
4g2aρpigρpipi
)
Dµν [q, ρ](q · (q − p1)g
νλ − qν(q − p1)
λ)
Dλα[q − p1, a1](s34 · (q − p1)g
αβ − sα34(q − p1)
β)Dβγ[s34, ρ]r
γ
34, (17)
here the width of the a1 is taken as a constant and the coupling ga1ρpi = 3.25 ± 0.3 GeV
−1
is determined from the a1 → ρπ decay. The corresponding coupling to ρ
′ is taken to be the
same. As we will show later, this channel is very suppressed in the whole region of study
and deviations from this assumption are expected to have a very small effect.
F. Channel F
This channel involves the ρ and a scalar particle intermediate states as depicted in the
diagram (F) of Figure 1. We consider the scalar to be both σ(600) and f0(980). The
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interaction between the vector (V) and pseudoscalar (P) particles with the scalar (S) are
parameterised by:
LS = gV1V2SV1µV
ν
2 S + gSP1P2SP1P2 (18)
where gV1V2S and gSP1P2 are the effective coupling constants. The reduced amplitude takes
the following form:
MrFµ =
(
−
iem2ρ
gρ
)
gρρσgρpipigσpipiDµν [q, ρ]D[s24, σ]Dνλ[q − s24, ρ]r
α
13. (19)
The VMD relation gρρσ = −(e/gρ)gρσγ allows to determine gρρσ, where gρσγ = 0.63±0.15
GeV−1 is determined from the ρ → σγ decay. The coupling gσpipi = 3.7 ± 1.6 GeV is
determined from the σ → ππ decay. For the f(980) we use the same coupling constants.
The effect of the large uncertainties will be reflected in the low energy regime of the cross
section.
G. Channel G
We consider a non-resonant ρ and ρ′ channel, as represented in the diagram (G), including
an intermediate scalar particle, that can be both the σ and f(980). As we pointed out above,
the information on the couplings and parameters of the scalars are not well determined,
producing a strong source of uncertainties in the low energy regime. As we will show below,
this lack of precision do not affect the region of our interest to determine the MDM of the
ρ meson.
The reduced amplitude is given by:
MrGµ = 2eg
2
σpipiD[q − p1, π]D[s24, σ]
(
p1µ −
q · p1
q · p3
p3µ
)
(20)
which has been built to be gauge invariant by itself. Note that, although we have used the
same notation for the pseudoscalar and scalar propagators, this last includes the correspond-
ing decay width by replacing m2 → m2 − imΓ.
H. Electric charge form factor
The electromagnetic structure of the ρ meson as a function of the momentum is accom-
plished by the inclusion of the ρ and ρ′ resonances coupled to the photon, such that the
10
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FIG. 3: Total cross section e+e− → pi+pi−2pi0 in the energy region from threshold to 1.4 GeV,
compared to several experimental data: SND [16], BaBar [8], OLYA, CMD2 and ND [15]
electric charge form factor is written as
Fρ
(
q2
)
=
gρpipim
2
ρ
gρ
∑
j=ρ,ρ′
1
q2 −m2j + imjΓj
. (21)
Here we have made use of two previous assumptions, Eqn. (10) and the sum is made using
a relative phase of 1800. The condition Fρ(q
2 → 0)→ −1 imposes the relation between the
remaining couplings to be:
gρpipi
gρ
(
m2ρ′ −m
2
ρ
m2ρ′
)
= 1. (22)
Using the corresponding numerical values we find it to be equal to 0.86. Thus, we normalize
the electromagnetic form factor to this value to have it properly defined. Note that in our
calculation the ρ width is momentum dependent while the ρ′ width is taken as a constant and
the limit taken above may look inconsistent. By comparing the Breit-Wigner distribution for
the ρ′ when including/excluding the momentum dependence down to the 4-pion threshold
we have verified that they are consistent with each other. Thus, it is justified the use of a
constant width for the calculation and a momentum dependent width when taking the zero
momentum limit.
IV. CROSS SECTION OF e+e− → pi+pi−2pi0.
Now, we proceed to compute the cross section
dσ =
(2π)4
4k1.k2
|M¯|2dΦ, (23)
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FIG. 4: Individual channel contributions to the total cross section for e+e− → pi+pi−2pi0 and the
BaBar[8] experimental data.
where dΦ is the 4-body phase space and |M¯|2 is the averaged squared amplitude given by
|M¯|2 =
e2
4q4
lµνhµν ; (24)
The leptonic contribution after sum over polarizations is: lµν = kµ1k
ν
2 + k
ν
1k
µ
2 − k1 · k2 g
µν ,
and hµν is the square of the four pion current for all the above channels. The integration
is performed numerically using a Fortran code and the Vegas subroutine. The kinematical
phase space configuration is implemented as described in Ref. [26].
In Figure 3, we plot the cross section in the low energy region (below 1.1 GeV). The
result from our model (solid line) is compared to experimental results from SND [16], BaBar
[8], OLYA, CMD2 and ND [15] (symbols), which are properly described. Our study shows
that, in this region, the cross section is dominated by the ω and σ channels (D) and (G),
consistent with what has been found in previous analysis [20]. Error bars are displayed at
some representative points and are dominated by the σ(600) parameters. In this region
there is no effect due to variations of the parameters of channel (B).
In Figure 4, we have plotted all the individual channels contributing to the total cross
section and the preliminary experimental data from BaBar. Each channel includes the
full reduced amplitudes for ρ and ρ′ and their corresponding interferences, which are the
dominant ones. The interferences among different channels are relatively smaller and not
shown but accounted in the analysis. Error bars are not displayed for the sake of clarity,
but we will comment on them to give a glimpse of their importance. We observe that the
energy region below 1.4 GeV is dominated by the ω channel (D), the subsequent decrease
12
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FIG. 5: Contribution to the total cross section (BaBar [8], dotted line) from the sum of channels
(A), (B) and (C) considered in this work (solid line) and the triple vector boson vertex contribution
obtained in [20] (long-dashed line).
of this channel is associated to the interference between the ρ and ρ′. The uncertainties for
this channel come mainly from the combination of the error bars of the coupling constants
and are in the range between 8% and 15%. Above 1.4 GeV the (A), (B) and (C) channels,
which are linked by gauge invariance, increase their effects and eventually the channel (B)
(here displayed for β = 2 and γ = 0) surpass the ω contribution, becoming the leading one,
followed by channel (C). This observation justify our earlier statement about the mild effect
of the relative phase between the ρ and ρ′ used in channel (D) in the region where the channel
(B) becomes important. Channels (A) and (C) have uncertainties of 15%, dominated by
the uncertainties of the mass and widths of the particles involved. The a1 channel (E) also
increases its effect but still below channel (C). This justify our assumption that the relation
between the couplings of a1 to ρ and ρ
′ used in channel (E), although not well grounded
experimentally, should play no important role in this analysis. We have associated an overall
16% uncertainty to this channel, based on the mass, width and estimates of the effect from
deviations of the couplings relation of ±10%. Channel (F) is far below all contributions
in the whole region under consideration. The effect from the f(980) is shown on the same
basis as the σ channel (G) (denoted by G’) and is also relatively small. The uncertainties
associated to these channels can be as large as 70% (F), 90%(G’) and 200% (G) but, given
their small relative size, they have no impact in the outcome of the analysis. Note that,
13
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FIG. 6: Fit to the BaBar data [8] (solid line) for the total cross section e+e− → pi+pi−2pi0.
in a broader sense, a so-called ρ channel, can not be restricted to channel (B) alone. As
we have described above, it is linked by gauge invariance to channels (A) and (C), and a
proper identification must be made through the quantification of the sum of these channels.
In Figure 5, we show the sum of these contributions (solid line), which is very close to a
non-omega contribution to the cross section. We also plot the result obtained in [20] for the
triple vector boson vertex contribution (dashed line), whose structure is similar to our (B)
plus (C) channels but with different coupling constants, obtained from a global fit.
In Figure 6 we show the total cross section data from the preliminary analysis of BaBar[8],
where we have assigned a 10% systematic error bar (symbols). Provided all the parameters
involved in our description are determined from other observables, except the ones of channel
(B), namely β and γ in the electromagnetic vertex, we performed a fit considering γ = 0 and
leaving β as the only free parameter. The solid line represents the best fit, corresponding
to µρ = 2.1. For energies above 1.6 GeV there are structures that are not well captured by
the current description, but they are relatively small compared to the effects that the MDM
can produce, as shown in the figure. The fit considering β and γ as free parameters favors
the same β and is loosely affected by γ at the end region under consideration. Since in this
region we expect to have effects from other resonances like the ω(1420) and ρ(1700), not
included in the current description, we restrict ourselves to the case γ = 0.
To determine the total cross section error bars, we take into account the combined uncer-
tainties coming from the couplings of the different channels, assumed as no correlated. In
addition, for channel (B) we explored the role of the model assumption regarding the global
combination of couplings and mass of the ρ′ taken to be similar to the ρ (see Eqn. 10). It
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MDM BR(ρ0 → pi+pi−2pi0)
1.2 1.5 ×10−5
2.1 1.7 ×10−5
3.5 2.1 ×10−5
TABLE I: ρ0 → pi+pi−2pi0 branching ratio for a set of values of the ρ MDM.
was found to be consistent with data for upto a ±10% deviation respect to the ρ case. We
finally determined the β parameter error bar considering it as the responsible of the total
uncertainties of the cross section. In addition, to account for the model dependence, we
have added a 20% error bar (added in quadrature). Thus, we obtain that the MDM of the
ρ meson is
µρ = 2.1± 0.5 in (e/2mρ) units. (25)
V. ρ0 → pi+pi−2pi0 BRANCHING RATIO
The branching ratio of the ρ → π+π−2π0 decay can be computed by using the value of
the cross section at the pole of the ρ meson, without considering the ρ′ and the non-resonant
channel, as follows [19]:
BR(ρ0 → π+π−2π0) =
m2ρσ (e
+e− → π+π−2π0) |E=mρ
12πBR (ρ0 → e+e−)
, (26)
where BR (ρ0 → e+e−) = 4.72±0.05×10−5 [1]. The contribution to the total cross section
at the ρ pole is mainly affected by channels (A), (B), (C) and (D) and their interferences.
The rest of the contributions have a relatively small contribution. The cross section we
obtain corresponds to a branching ratio of
BR(ρ0 → π+π−2π0) = 1.7± 0.6× 10−5, (27)
which is in agreement with the experimental value BR(ρ0 → π+π−2π0) = 1.6± 0.8 × 10−5
[1, 16]. The error bar is taken with the same considerations as for the MDM. To illustrate
the mild dependence of the branching ratio on the value of the MDM, in Table I, we show
the central value of the branching ratio for a wide range of values of the MDM, which still
in agreement with the experimental result within the current uncertainties.
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VI. CONCLUSIONS
We have determined the ρ meson MDM from the e+e− → π+π−2π0 cross section, using
preliminary data from the Babar Collaboration. We modeled the γ∗ → 4π vertex considering
the exchange of the π, ω, a1, σ, f(980), ρ and ρ
′ mesons. The behavior of the cross section
below 1.4 GeV is dominated by the properties of the intermediate scalar and the ω meson.
The channel that contains the electromagnetic vector meson vertex becomes relevant for
energies between 1.5 and 2.2 GeV, while the remaining channels are always subdominant.
We have found that the best fit implies a value for the MDM of the ρ meson of µρ = 2.1±0.5
in (e/2mρ) units. The quoted error bar takes into account the uncertainties coming from the
couplings of the different channels and model assumptions. Definite data on this process and
detailed information on the ρ′ meson properties will be very useful for a more refined analysis
to support a definite value. Preliminary data from SND [27] seems to be in agreement with
the one from BaBar. Additionally, we computed the branching ratio for the ρ → π+π−2π0
decay, which was found to be consistent with the experimental value, exhibiting a mild
dependence on the ρ meson MDM.
We would like to conclude by stating that a long standing problem on the determination of
the MDM of the ρ meson can be addressed, and with our analysis we have provided a first
insight on it.
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